Anidulafungin, micafungin, and caspofungin in vitro activities against Candida metapsilosis, C. orthopsilosis, and C. parapsilosis were evaluated by MICs and time-kill methods. All echinocandins showed lower MICs (mean MICs, 0.05 to 0.71 mg/liter) and the highest killing rates (؊0.06 to ؊0.05 CFU/ml/h) for C. metapsilosis and C. orthopsilosis rather than for C. parapsilosis (mean MICs, 0.59 to 1.68 mg/liter). Micafungin and anidulafungin killing rates were greater than those determined for caspofungin. None of the echinocandins had fungicidal activity against C. parapsilosis.
tained for 10 bloodstream and quality control (QC) C. parapsilosis ATCC 22019 isolates, which are listed in Table 1 .
Antifungal carryover effect and time-kill curves were determined as previously described (RPMI 1640 medium, 1 ϫ 10 6 to 5 ϫ 10 6 CFU/ml inoculum, and a 5-ml volume) (1-3). Concentrations evaluated ranged between 0.03 and 32 mg/liter, which are within the range achieved clinically (15) . Aliquots of 0.1 ml were removed to determine the number of CFU/ml at 0, 2, 4, 6, 24, and 48 h. The lowest limit of accurate and reproducible detectable colony counts was 100. All experiments were performed twice, with three replicates used for every dilution of each time point. Time-kill data were fitted to an exponential equation, as follows: N t ϭ N 0 ϫ e Ϫkt (t, incubation time; N t , viable cells at time t; N 0 , starting inoculum; k, killing rate). The goodness of fit for each isolate/drug was assessed by r 2 values (Ͼ0.8). The time (hours) needed to achieve 50, 90, 99, and 99.9% reductions in growth (T50, T90, T99, and T99.9, respectively) compared with that of the starting inoculum was calculated with the K value as described elsewhere (1).
To our knowledge, this is the first study that has compared head-to-head the killing activities of the three echinocandins using blood isolates from the three species included in the C. parapsilosis group. Against this group, the in vitro fungistatic activities of the three echinocandins were species and agent dependent ( Table 1 ). Our MIC results were similar to those previously reported (6, 9, 12, 18) but lower than those observed by Silva et al. (16) . These discrepant results could be due to the different isolation sources: our isolates were obtained from blood cultures, while those used in the latter study were obtained from either urine (C. orthopsilosis) or mucosal surfaces (C. metapsilosis). Anidulafungin had the best fungistatic activity for C. metapsilosis and C. orthopsilosis, and micafungin had the best fungistatic activity for C. parapsilosis. the killing activities of the three drugs were concentration independent, in which the killing rate did not rise substantially by increasing the drug concentrations for the three species. However, after 6 h, little killing and sometimes even a regrowth were observed, depending on the concentration and species tested. Against C. parapsilosis, the three drugs demonstrated killing activities until at 6 h, after which a regrowth was observed. The maximum log decreases in the number of CFU/ml reached at 6 h were 1.22 Ϯ 0.56 log with 1 mg/liter of micafungin, 1.43 Ϯ 0.4 log with 4 mg/liter of caspofungin, and 1.48 Ϯ 0.2 log with 4 mg/liter of anidulafungin. A miniparadoxical effect (minor killing rate) was observed with 16 and/or 32 mg/liter of caspofungin (three isolates) and anidulafungin (two isolates) among the C. orthopsilosis and C. parapsilosis isolates evaluated, unlike for C. metapsilosis ( Fig. 1 and 2) . Our results are similar to those previously reported for caspofungin a CAS, caspofungin; MCF, micafungin; AND, anidulafungin; NK, no killing; T50, time needed to achieve 50% growth reduction from that of the starting inoculum; T90, time needed to achieve 90% growth reduction from that of the starting inoculum; T99, time needed to achieve 99% growth reduction from that of the starting inoculum; T99.9, time needed to achieve 99.9% growth reduction from that of the starting inoculum.
b Corresponding concentrations of AND for C. parapsilosis are 0.03, 0.12, 0.5, 2, and 8 mg/liter.
FIG. 2. Killing rates of caspofungin (CAS), micafungin (MCF), and anidulafungin (AND) against C. orthopsilosis, C. metapsilosis, and C. parapsilosis (A) and the corresponding adjusted regression lines (B)
. Dotted line at top, growth; dotted line at bottom, killing.
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on September 22, 2017 by guest http://aac.asm.org/ against C. parapsilosis and C. orthopsilosis (18) . The lack of prior or similar studies of micafungin and anidulafungin precluded comparison with our results obtained using those two agents.
The relationship between killing rate and concentration was linear for the three drugs, and the statistical regression analysis was significant (P Ͻ 0.05). Killing rates are shown in Fig. 2A , and the adjusted regression lines are shown in Fig. 2B . The killing activity began at the MIC for each species/echinocandin combination. The maximum killing rates were observed with 4 mg/liter of the three drugs for C. orthopsilosis, with 1 mg/liter of anidulafungin and 16 mg/liter of micafungin and caspofungin for C. metapsilosis, and with 16 mg/liter (caspofungin), 32 mg/liter (micafungin), and 8 mg/liter (anidulafungin) for C. parapsilosis ( Fig. 2A) . Table 2 shows the mean times needed to kill 50, 90, 99, and 99.9% of the initial inoculum for each species/concentration and the echinocandin obtained with the regression line of each killing curve. The lowest concentration at which a Ն3-log decrease (killing endpoint) was achieved was 4 mg/liter at 12 to 48 h for the three drugs and the three species.
In summary, the highest killing rates were obtained for C. orthopsilosis, followed by C. metapsilosis. Micafungin and anidulafungin had similar killing rates, both being greater than those of caspofungin. Against C. parapsilosis, none of the drugs reached the fungicidal endpoint, and regrowth was observed after 6 h. Since treatment guidelines (14) favored use of fluconazole rather than echinocandins when the infecting isolate is C. parapsilosis, identification at the species level for this group is important, as the echinocandins appear to have selective activities based on the species, and C. parapsilosis, rather than C. orthopsilosis or C. metapsilosis, seems to be the problem.
